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Abstract: Coronary artery bypass grafting remains the standard treatment for patients with extensive
coronary artery disease. Coronary surgery without use of cardiopulmonary bypass avoids the deleterious
systemic inflammatory effects of the extracorporeal circuit. However there is an ongoing debate surrounding
the clinical outcomes after on-pump versus off-pump coronary artery bypass (ONCAB versus OPCAB)
surgery. The current review is based on evidence from randomized controlled trials (RCTs) and meta-
analyses of randomized studies. It focuses on operative mortality, mid- and long-term survival, graft patency,
completeness of revascularisation, neurologic and neurophysiologic outcomes, perioperative complications
and outcomes in the high risk groups. Early and late survival rates for both OPCAB and ONCAB grafting
are similar. Some studies suggest early poorer vein graft patency with off-pump when compared with on-
pump, comparable midterm arterial conduit patency with no difference in long term venous and arterial
graft patency. A recent, pooled analysis of randomised trials shows a reduction in stroke rates with use off-
pump techniques. Furthermore, OPCAB grafting seems to reduce postoperative renal dysfunction, bleeding,
transfusion requirement and respiratory complications while perioperative myocardial infarction rates are

similar to ONCAB grafting. The high risk patient groups seem to benefit from off-pump coronary surgery.
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Introduction

Despite a large body of evidence, there is an ongoing,
controversial debate whether coronary artery bypass graft
surgery should be performed with or without extracorporeal
circulation. This intense debate is held between three
schools of thought: the “pure”, off-pump surgeons, the on-
pump surgeons and the “selectivists” group that reserves
off-pump surgery for selected cases only. Historically, the
shift towards off-pump coronary artery bypass (OPCAB)

grafting was proposed both to reduce the operation cost in
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developing countries but also to avoid the deleterious effects
of the contact of blood with the artificial extracorporeal
circuit (i.e., mainly the systemic inflammatory response
and coagulopathy) (1-3). Furthermore, avoidance of aortic
cannulation and minimisation of aortic manipulation would
theoretically translate into reduced cerebral stroke, hence
reduced morbidity and perioperative mortality (4). On the
other hand, on-pump surgeons argue that the comfort of
the bypass circuit results in a better anastomotic technique

that translates into a more complete revascularization and
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Table 1 Short term outcomes of OPCAB versus ONCAB
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Author Study design Sample size

Short term survival

Deppe et al., Meta-analysis of RCTs
2016 (3)

49 RCTs, with a total of
16,718 patients

Diegeler RCT

No 30-day mortality difference: 1.8% and 4.8% for OPCAB
and 2.1% and 4.8% for ONCAB, odds ratio (OR), 0.86 or
0.97; 95% confidence interval (Cl): 0.69-1.06 or 0.84-1.13

In the GOPCABE trial, 2,539 patients No difference in death within 30 days 31/1,187 (2.6%)

etal., underwent randomization to ONCAB versus 34/1,207 (2.8%), OR, 0.92; 95% CI: 0.57-1.51;
2013 (11) versus OPCAB P=0.75

Kowalewski Meta-analysis of RCTs 36 RCTs, with a total of 15,531 No 30-day mortality difference: 2.04% (159/7,779) in the
etal., subjects OPCAB group versus 2.45% (190/7,752) in the ONCAB
2016 (1) group. No difference between the two techniques (OR,

Lamyetal., RCT
2012 (12)
ONCABG or OPCAB

Moller et al., Meta-analysis of RCTs

The CORONARY trail enrolled
4,752 patients randomized to

Cochrane systematic review of

0.88; 95% CI: 0.71-1.09; P=0.25)

No significant difference in mortality between ONCAB
and OPCAB at 30 days: 60 (2.5%) versus 59 (2.5%)
respectively; HR, 1.02; 95% CI: 0.71-1.46

OPCAB increased all-cause mortality compared to ONCAB
[189/5,180 (3.7%) versus 160/5,144 (3.1%); RR, 1.24;

95% Cl: 1.01-1.53; P=0.04]. In the trials at low risk of bias
the effect was more significant [154/2,485 (6.2%) versus
113/2,465 (4.6%), RR, 1.35; 95% CI: 1.07-1.70; P=0.01]

ART trial randomized 3,102 patients = Similar mortality rate at 30 days: 1.1% ONCAB and 1.3%

OPCAB

2012 (15) 86 trials (10,716 participants) were
included

Taggart Post-hoc analysis of

etal., outcomes of ONCAB with multi vessel coronary artery

2015 (13) versus OPCAB from the  disease to single internal mammary

Arterial Revascularization artery (IMA) or bilateral internal
mammary arteries (BIMA)

Trial (ART)

OPCAB, off-pump coronary artery bypass; ONCAB, on-pump coronary artery bypass; RCT, randomized controlled trial; RR, relative risk.

better graft patency (3).

Developed about 40 decades ago (5-7), OPCAB reached
a plateau in Europe, accounting for nearly 15-20% of all
coronary operations, while in Asia 60-100% of patients are
offered coronary artery bypass grafting (2). A retrospective
analysis of the Society of Thoracic Surgeons Adult Cardiac
Surgery Database in USA revealed a decline in off-pump
operations, currently being used in fewer than one out of
five patients (8). The current review focuses on the main
outcomes of on-pump coronary artery bypass (ONCAB)
grafting versus OPCAB from randomized controlled trials
(RCT5) (i.e., level T evidence). The main criticism of RCTs
in this area, is the under powering because of recruitment
of low risk patients but also because of the low mortality
and morbidity of coronary artery bypass grafting that
would require very large sample populations to detect a
difference (4). Therefore, we will also be reviewing pooled
data from recent, updated meta-analyses of randomized
trials only. We selected in our review large sample size
RCTs or large meta-analyses of RCTs to discuss the hard
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end-point outcomes but smaller trials were also included to
discuss other outcomes.

Operative mortality

The majority of the large RCTs to date failed to show
a difference in early mortality between off-pump and
on-pump surgery (1,3,9-13). One small sample size
RCT by Fattouch et 4l. showed a reduced mortality in
patients with ST elevation undergoing urgent/emergent
off-pump coronary surgery compared to on-pump
surgery (14). Deppe et 4l. in meta-analysis of RCTs on almost
16,900 patients found no difference in 30-day mortality.
Kowalewski ez 4/. in meta-analysis of over 19,000 patients
demonstrated no significant difference in short term
mortality (1). The evidence is summarised in 7able 1.

Mid- and long-term survival

Angelini ez al. pooled midterm follow-up outcomes from two
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RCTs—Beating Heart against Cardioplegic Arrest Studies
(BHACAS 1 and 2). The mean follow-up was 25.0 months
for BHACAS 1, and 13.7 months for BHACAS 2. Combined
all-cause mortality did not differ between patients in off-
pump and on-pump groups [hazard ratio (HR), 0.57; 95%
confidence interval (CI): 0.17-1.96] (16). A later study by
the same group found no difference in long term survival
up to 6-8 years between on-pump and off-pump coronary
surgery (HR, 0.84; 95% CI: 0.58-1.24; P=0.39) (17). The
Veterans Affairs Randomized On/Off Bypass (ROOBY)
trial randomly assigned 2,203 of patients to either off-
pump or on-pump. It was the first trial where off patients
were recruited in based on the surgeon’s experience
(minimum number of 20 cases) though some argue that
the learning curve extends beyond this set point (4).
The primary long term (1 year) composite of death, repeat
revascularization, non-fatal myocardial infraction was
higher (9.9% vs. 7.4%, P=0.04) for the OPCAB group with
no significant differences between the individual composite
components. The sensitivity analysis revealed a trend toward
more death from cardiac causes in the on-pump group
(2.7% wvs. 1.3%, P=0.03). A Cochrane systematic review of
RCTs off-pump versus on-pump found an increased risk
of death with off-pump in the long term (>30 days) follow-
up studies [relative risk (RR), 1.34; 95% CI: 1.08-1.67;
P=0.009] (15). Luo er al. in a recent meta-analysis of RCTs
found no difference in patients with over 6 months’ follow-
up [odds ratio (OR), 1.02; 95% CIL: 0.86-1.22; P=0.81] (18).
The Coronary Artery Bypass Grafting Off- or On-Pump
Revascularization Study (CORONARY) remains the largest
RCT to date that recruited 4,752 patients (12,19). At 1 year
the study reported no difference in primary composite of
death, myocardial infarction, stroke, or new renal failure
requiring dialysis. The primary outcome event had occurred
in 288 participants (12.1%) in the off-pump group and
316 participants (13.3%) in the on-pump group (HR with
the off-pump procedure, 0.91; 95% CI: 0.77-1.07; P=0.24).
There was no significant difference between the rates of the
individual primary outcome components. The 5-year long
term outcomes from the CORONARY trial are still awaited
(Table 2).

Graft patency, number of grafts and need for
repeat revascularization

Graft patency
Graft patency was the primary endpoint in a RCT conducted
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by Puskas ez al. on 200 patients. The authors found similar
graft patency between off-pump and conventional surgery
at 30 days (absolute difference, 1.3%; 95% CI: -0.66—
3.31%; P=0.19) and 1 year (absolute difference, -2.2%;
95% CI: -6.1-1.7%; P=0.27) (20). Similarly, Magee et al.
found no difference in vein patency or arterial graft patency
at 1 year in 1,920 patients that completed angiographic
follow-up (20). Lingaas et al. (21) reported no significant
differences in arterial and vein graft patency in 120 patients
randomized to OPCAB or ONCAB.

In contrast to previous studies, several trials reported
poor graft patency for patients undergoing off-pump. Khan
et al. found a poorer graft patency at 3 months for patient
undergoing OPCAB (22). Houlind ez 4/. found reduced
graft patency in the OPCAB group compared to the on-
pump group, on 481 patients that completed angiographic
follow-up at 6 months (23). At 1 year follow-up, Widimsky
et al. found a lower graft patency for the off-pump vein
grafts while the arterial graft patency were similar for both
arms (24). The ROOBY trial found a significantly lower
graft patency in the off-pump group than in the on-pump
group (82.6% vs. 87.8%, P<0.01) at 1 year (10). Similar
results were found by Zhang et 4/. in a recent meta-analysis
of 12 RCTTs, on a total of 3,894 patients (4,137 grafts).
Interestingly, the authors found an increased risk of
occlusion of vein grafts but no difference in arterial graft
patency [left internal mammary artery (IMA) and radial
artery conduits] (25). In the longest follow-up study
to date (up to 6 to 8 years) of patients recruited in two
randomized trials comparing OPCAB to ONCAB, Angelini
et al. demonstrated that the likelihood of graft occlusion
was no different between OPCAB (10.6%) and ONCAB
(11.0%) groups (OR, 1.00; 95% CI: 0.55-1.81; P>0.99).
Furthermore, the authors found the graft occlusion to occur
more likely at the distal anastomosis (OR, 1.11; 95% CI:
1.02-1.20) in both groups (17) (1able 3).

Number of grafis and repeat revascularization

Several trials demonstrated a reduced number of grafts
performed in OPCAB arms and increased revascularization
rates. The ROOBY trial demonstrated that the proportion
of patients with fewer grafts than initially planned was
higher in the off-pump arm than in the on-pump arm (17.8%
vs. 11.1%, P<0.01) (10). Similarly, the Off-Pump versus On-
Pump Coronary-Artery Bypass Grafting in Elderly Patients
trial (GOCABE) trial (11) revealed that fewer grafts were
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Table 2 Midterm and long term outcomes of OPCAB versus ONCAB
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Author Study design Sample size Midterm and long term survival
Angelini Pooled analysis of two BHACAS 1: 200 patients, 100 Mean follow-up was 25.0 months standard deviation (SD):
etal., RCTs: Beating Heart randomised to OPCAB and 100 to 9.1 for BHACAS 1 and 13.7 months SD: 5.5 for BHACAS
2002 (16) Against Cardioplegic ONCAB; BHCAS 2: 200 patients, 2. In the pooled survival estimates at 24 months there was
Arrest Studies 101 randomised to OPCAB and 100 no difference between combined all-cause mortality (HR,
(BHACAS 1 and 2) to ONCAB 0.57; 95% CI: 0.17-1.96)
Angelini Pooled analysis of two BHACAS 1: 200 patients, 100 Mean durations of follow-up for survival were 75.5 (SD,
etal., RCTs: Beating Heart randomised to OPCAB and 100 to  20.6) and 76.7 (SD, 19.3) months for OPCAB and ONCAB;
2009 (17) Against Cardioplegic ONCAB; BHCAS 2: 200 patients, there were 23 and 29 deaths in each group, respectively.
Arrest Studies 101 randomised to OPCAB and 100 Cox regression showed no difference in survival rates
(BHACAS 1 and 2) to ONCAB between the two groups (HR, 1.24; 95% CI: 0.72-2.15;
P=0.44)
Lamy etal., Meta-analysis of RCTs The CORONARY trial enrolled No significant differences between the two groups in the
2013 (19) 4,752 patients randomized to composite end-point at 1 year and no difference in the
ONCABG or OPCAB death component: ONCAB 122 (5.1%) vs. OPCAB 119
(5.0%); HR, 1.03; 95% CI: 0.80-1.32
Luo et al., Meta-analysis of RCTs 7 RCTs, 9,128 patients No significant difference in all the long-term outcomes
2015 (18) (over 6 months’ follow-up), mortality, OR, 1.02; 95% ClI:

Moller et al., Meta-analysis of RCTs
2012 (15)

low risk of bias

Shroyer RCT
etal.,
2009 (10)

to OPCAB versus ONCAB

Cochrane systematic review of

86 trials (10,716 participants)

were included. Ten trials (4,950
participants) were considered to be

The department of Veterans Affairs
Randomized On/Off Bypass
(ROOBY) randomized 2,203 patients The 1-year composite of death from cardiac causes was:

0.86-1.22; P=0.81

Post-hoc sensitivity analysis we compared trials with
short-term follow-up (<30 days) with trials with long-term
follow-up (>30 days). In the trials with long-term follow-up
the meta-analysis showed that OPCAB was significantly
associated with increased risk of death (RR, 1.34; 95% ClI:
1.08-1.67, P=0.009)

The rate of the 1-year composite outcome was higher
for OPCAB than for ONCAB (9.9% vs. 7.4%, P=0.04).

OPCAB =93 (8.8%) and ONCABG =62 (5.9%), RR, 1.48;
95% Cl: 1.09-2.02; P=0.01

OPCAB, off-pump coronary artery bypass; ONCAB, on-pump coronary artery bypass; RCT, randomized controlled trial;, CORONARY,
Coronary Artery Bypass Grafting Off- or On-Pump Revascularization Study; OR, odds ratio; HR, hazard ratio; Cl, confidence interval; RR,

relative risk.

performed in the off-pump arm compared to on-pump arm.
At 30 days, patients having OPCAB had a higher rate of
repeat revascularization while at 1 year the revascularization
rates remained similar. Similarly, the CORONARY
trial showed fewer grafts performed in the off-pump
group and higher early revascularization rate at 30 days,
but at 1 year the revascularization rates were no longer
different (12,19). A large meta-analysis of RCTs by Deppe
et al. (3) showed increased early (30 days) revascularization
in the off-pump group (Zable 4).
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Stroke and neurocognitive outcomes

Cerebral stroke is a major complication after coronary
artery bypass grafting that increases mortality, morbidity
and cost (27). Minimization of aortic manipulation (28) and
avoidance of the extracorporeal circuit (29) reduce the risk
stroke and cerebral embolization respectively. Therefore,
OPCAB should offer better outcomes in this respect.
The most prominent off-pump versus on-pump trials to
date failed to show a reduction of stroke rates with use of
OPCAB (10-12). Deppe et 4l. in the subgroup meta-analysis

7 Thorac Dis 2016;8(Suppl 10):S758-S771



Fudulu et al. Randomized controlled studies comparing OPCAB and ONCAB grafting

S§762

(ponurzu03) ¢ S[qe],

(L2°0=d ‘%L -1’9~ 11D %S6 ‘%2 2~

Jeak | ye Gg| ‘shep Qg e sjuened /61

Jo} 919|dwod sem dn-moj|04 S8IHPIGIOW0D

‘aouaIayip a1njosqe) Jeak | 1e pue [61°0=d ‘% 1 £'€-99°0— JO ‘uoiiouny JeinouuaA ‘Aworeue (92) ¥002
(1) |BAJIS1UI ©OUBPIUOD %GB ‘%€ | ‘@ouUdIayip 8injoSqe] AJeuolod Joj palos|asun ‘syuaiied 00g “leje
sAep 0g 18 g¥DONO pue gvDdO 40} Jejiwis sem Aousied yeur) Aydesboibue Areuoio) 10 [eu} uoabins-a|buls paziwopuey 104 seysnd
eise|diodAy [ewiuioau Wwouy
ainjie} yeib ueA Juanaid o1 apibijolips Jo 1OY
anusonw e (Al LNIAIHd) Al Uonossues]
Jejiwis sem syelb Aispe Arewwew [euJalul Jo eIn BuesulBNT yelb uig)\ OAIA-XT O 108loHd (02) 8002
ainjieq ek | ye (29°0=d) Aloanoadsal 95 /"G SNSIeA %E°Ge a3 Jo (syetb 9g/'y) swuened 0z6' | uo “leje
sem sjusijed gyDdO snsien gyDNO Ul ainjie} yeab uiep  Aydesboibue Areuoio) peiejdwod sem dn-mojjoy olydelboibue Jeah-| 194 jo dn-mojjo4 oabe\
AjoA3oadsal syjuow g| 18 9% /8 SNSIoA 9% (08 PuUe syjuow ¢
Jaye %16 vONO SNsIon %18 gv0dO Aousied yelb uion
ul @ouaJayIp ON "AjoA1loadsal syluow g| Jaye %96 Snsion (12) 9002
%16 PUB %86 GYONO SNSIdA %96 GvIdO ‘Syiuow ¢ ie gvONO “leje
Aouajed yeub (yN]) Aepe Aewwew [eulaiul ul @ouasayip oN Aydesboibue Atreuocio) 10 gyDdO 01 paziwopuel aiem syusied 0z | 104 seebur
gv0dO snsJea dnoib gyDNO 8u3 Ul (a@vodo
saLIo}I8} Yeub e Joy aybiy sem a3ed Aousied ay] *(200°0=d S pue gyONO siuaied gg) syuaied zg
‘0488 "SA %86) SHeIb gyDdO 10 a1el Aousjed ayy ueyy Jaybiy 10} 9|ge|ieAe aiem ejep olydesboibue dn (22) ooz
Ajueoiiubis sem syelb gyONO 10 a1es Aouajed |jesano ay| Aydesboibue Areuoio)  -mojj04 ‘gvDdO 7S pue gydNO Siusied oG 104 ‘e 19 ueyy
(sdnoub yioq ul %66 ““6-9) [eonuLpl
sem syeib Aiepe o1oeloy] [eulaiul Ya| uado jo uoipodoad sy
*(L0°0=d) dnoib gyONO 40 Inoney ul juedyiubis Ajleonsiyels syjuow 9
sem syesb uared Jo uoiodoid 8y} usam1aq aouUaIHIP 1e Aydeiboibue yuamispun sjuaied |8y (e2) 2102
8YL "PapPN|O00 B1oM (%6) €9 PUE ‘Oljous)s iam (%S) 8 jo [ej0} ¥ "Ausbins gy0dO 40 a¥ONO “le jo
“ualed asem syeib 0G9 10 (2%98) 6775 ‘dnoib gyDONO 9yt U] Aydesboibue Areuocio) 01 paziwopuel abe jo sieak g/< swusied 006 104 pulnoH
Ajonnoadsal
dvDdO pue gyDNO 8U3 40} (L' ‘aS) syruow g°'Gg
pue (8 ‘S) suiuow |'Gg aiom siskjeue oydeibolbue spuedioied 661 (¢ pue | SYOVHE)
Areuoiod olydesbowo} paindwod Jojosiepinw o} uoijesado  sisAjeue ojydesboibue ul paipnis aJsem syelb Gos ‘gvONO 01 00} SaIpNIS 1S8.ly
ay1 woJ} dn-moj|o} Jo suoireinp ues| (66°0<d ‘18 1-G5'0 Aseuosod olydeibowor pue gyDdO 01 pasiwopues Q| ‘siusned ooz oibsjdoipie) 1sureby (21) 6002
11D %56 ‘00’ “dO) sdnoib (%0° L 1) 9YONO Pue (%9°01) paindwod ‘2 SYOHg -gvONO 01 00} Pue gv0dO uesH buiyesg :s|0Y “leje
avDdO usamiaq Je|iwis Sem uoisn|oo0 yelb Jo pooyieyi JO}O818PINIA 0} pasiwopuel 00} ‘siuaiied 00z i SYOVYHE OM} Jo sisAjeue pasjood Julebuy
Saw09Ino Aoualed yeln) uoebisaAUl azis a|dwesg uBisap Apnig Joyiny

Aoueied yein

sowooino Aouared eI ¢ a[qe],

7 Thorac Dis 2016;8(Suppl 10):S758-S771

jtd.amegroups.com

© Journal of Thoracic Disease. All rights reserved.



S763

Journal of Thoracic Disease, Vol 8, Suppl 10 November 2016

)SI SAIlEI) ‘HY ‘Olled pJezey ‘YH ‘oled SpPo ‘YO {[eul pa|j0Juod paziwopuel ‘| 0y ‘ssedAq Aepe Areuosoo dwnd-uo ‘gyDNO ‘ssedAq Aieue Ateuoisoo dwnd-yo ‘gyddo

gvONO Pue gv0do
usamiaq (L'2-92°0 ‘10 %G6 ‘2E°| ‘HY) syesb Aispe |eipel
PUE (65 1-€8°0 ‘1O %S6 ‘S| ‘dY) VINI J0 uoisnjoo0 yeld ul
souaJayIp JuedlubIs oN *dnoib gyDdO dui Ul (09°L-2' L
‘10 %56 ‘1| ‘dd) syeJb uen snousydes pue (/G |-9}"L
1D %S6 GE' 1 ‘HY) SHedb ||e Jo uoISN|O20 JO XSl pasealdu|

(L0°0>d) dnoib gyDNO 9y} Ul sisowolseue jusaied |°|
snsJan juaijed Jad sisowolseue jualed /0 :gvDdO 8y}

ul Jamo| sem juaiied Jad Aousied yelb ing (Jueonubis jJou =d)
gvOdO %6¥ snsion gYONO %65 sem Aousied yeib uiop
*sdnoib y1oq ul 94 |6 Sem Jedh | Jaye Aousied yelb jeusuy

(10°0=d ‘%2'€6) GYONO " (%0°68) 9vOdO
ul (1yelb papelb jus||ooxs) syelb v apelb Jamay a1em alay |

"(87°0=d ‘%2°96 YONO PUe g¥0dO 40} %€ G6) Jeliis
alom Aiape Buipusosep Jousiue o] 8y} o} syelb ajoipad
Aape-o10eI0U] [BUJIBIUI Y| Jo) 81es Aoualed ay] “(L00>d
‘%868 SN %9°9/) AYONO 8y} Ul uey} sjuslied gyDdo oyl

Ayde.boibue Areuoiod

Jo Aydesboibue
olydesbowoy gvONO pue gy0dO bBuunp pswioped (se) vioz
peindwoy  syeib /gLy PUe $68°C 4O [e10} B UO) ‘SO g1 SLOY 4O SisAjeue-elo|\ /e o Bueyz

(802=U) avOdO PUE (g61=U) G¥YONO

0} A1abins oe|pJed Pa}OsIaUOU SAINOSSUOD (2) ¥002
00 paZIWOopUEl Jel} [el} -INDVHd dul “Ie e
Aydeiboibue Areuoion wouJy spusned GGz Jo dn-mojjo} Jeak-| 19Y jo dn-mojjo4 Aswipipn

welbolibue wusiul ue pey sjuaied 9¢

pue yjuow-g| 8y} e swelboibue pey gee'l
'sweibolibue dn-moj|0} pey (%G 79) 128}
‘syjuow g 1e buiyelb ssedAq Alepe Areuolod
wemispun oym sjusired /Z1 ‘2 40 INO "gYONO

ul syelb uien-snousydes Jo Aousied Jo 91el JOMO| d1ed JOMO| 10 g¥DdO 01 swaied £€0g‘g paziwopuel (01) 6002

e semaldyl (10°0>d ‘%8'/8 'SA %9'¢8) dnoib gyDdO ueu} (A800HY) ssedAg JO/uO paziwopuey “le 1o

avDdO au1 ul Jamoj Appueoniubis sem Aousaied elb jo syey Aydeiboibue Areuoion sileyy SUBISIOA JO Juswipedap ay | 104 Jekoiys
6

Saw09Ino Aoualed yeln) LOREDRSOAU azis a|dwesg uBisap Apnig Joyiny

Aoueied yein

(ponuriu0) ¢ Sqey,

7 Thorac Dis 2016;8(Suppl 10):S758-S771

jtd.amegroups.com

© Journal of Thoracic Disease. All rights reserved.



S764

Table 4 Repeat revascularisation and number of grafts outcomes

Fudulu et al. Randomized controlled studies comparing OPCAB and ONCAB grafting

Author Study design Sample size

Repeat revascularisation and number of grafts outcomes

Deppe et al., Meta-analysis 49 RCTs, with a total of 16,718 patients OPCAB was associated with a 1.9-fold increased risk of repeat

2016 (3) of RCTs

Diegeler RCT In the GOPCABE trial, 2,539 patients

etal., underwent randomization to ONCAB

2013 (11) versus OPCAB

Lamyetal., RCT The CORONARY trial enrolled

2013 (19) 4,752 patients randomized to ONCABG
or OPCAB

Shroyer RCT The department of Veterans Affairs

etal., Randomized On/Off Bypass (ROOBY)

2009 (10) randomized 2,203 patients to OPCAB

versus ONCAB

revascularization at 30 days (OR, 1.87; 95% CI: 1.13-3.11;
P=0.0191)

Repeat revascularization at 30 days was higher for OPCAB:
15/1,187 (1.3%) vs. ONCAB: 5/1,207 (0.4%), OR, 2.42; 95% Cl:
1.03-5.72; P=0.04. Repeat revascularization at 1 year was similar
for OPCAB: 36/1,179 (3.1%) versus ONCAB: 24/1,191 (2.0%), OR,
1.52; 95% CI: 0.90-2.54; P=0.11

The average number of coronary anastomoses was lower (2.7%) in
the OPCAB group versus the ONCAB group (2.8%), P<0.001. The
proportion of patients with fewer grafts than planned was higher

in the OPCAB (34.0% vs. 29.3% in the on-pump group) and the
proportion of patients having more grafts than planned was lower
in OPCAB group (10.2% vs. 16.7%)

Repeat coronary revascularization at 1 year was 1.4% in the
OPCAB group and 0.8% in the ONCAB group (HR, 1.66; 95% Cl:
0.95-2.89; P=0.07)

Revascularization between 30 days and 1 year after surgery

were similar: 49 (4.6%) for OPCAB versus 36 (3.4%) for ONCAB,
absolute percentage difference =1.2 (95% Cl: —0.5-2.9), relative
risk (RR) =1.35 (95% ClI: 0.88-2.05), P=0.18. Significant difference
between OPCAB (2.9+0.9) and ONCAB groups (3.0+1.0) in the
average number of grafts performed, P=0.002

The proportion of patients with fewer grafts than originally planned
was significantly higher in OPCAB group compared to ONCAB
(17.8% vs. 11.1%, P<0.01)

OPCAB, off-pump coronary artery bypass; ONCAB, on-pump coronary artery bypass; RCT, randomized controlled trial; CORONARY,
Coronary Artery Bypass Grafting Off- or On-Pump Revascularization Study; OR, odds ratio; HR, hazard ratio; Cl, confidence interval.

of 13 trials found no difference in stroke rates between
OPCAB or ONCAB (3). However, the recent meta-
analysis by Kowalewski et #/. on 40 RCTs found OPCAB
to be associated with a significant 28% reduction in odds
of cerebral stroke (OR, 0.72; 95% CI: 0.56-0.92; P=0.009;
I’=0%) (1).

Several studies suggested neurocognition to be
more related to aortic manipulation rather the use of
extracorporeal circulation (30,31). The ROOBY trial
demonstrated no difference in neurophysiological outcomes
between off or on-pump groups (10). Similarly, three other
randomized trials (32-34) and two systematic reviews of
RCTs (35,36) failed to show any benefit with OPCAB in
terms of neurocognitive function (Zables 5,6).
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Postoperative renal dysfunction

The ROOBY trial found no significant difference between
OPCAB and ONCAB, in terms of renal failure requiring
dialysis (10). The CORONARY trial found the use of
OPCAB to significantly reduce acute kidney injury (28.0%
vs. 32.1%; RR, 0.87; 95% CI: 0.80-0.96; P=0.01) (12). The
GOPCABE trial found no difference between off-pump
or on-pump in new renal-replacement therapy required
at 30- or 1-year which was part of the primary composite
endpoint (11). In a subgroup meta-analysis of 1,571 patients
from 25 trials, Deppe et al. found OPCAB to reduce the
absolute risk of renal dysfunction by 2.1% (OR, 0.79; 95%
CI: 0.71-0.89; P<0.0001) but no difference in the new onset
of renal replacement (3) (Table 7).
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Table § Stroke outcomes
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Author Study design Sample size Stoke outcomes
Deppe etal., Meta-analysis Subgroup analysis of 13 RCTs of ‘high Incidence of stroke was similar: 1.5% for OPCAB and 1.8% for
2016 (3) of RCTs quality’ RCT ONCAB (OR, 0.86; 95% Cl: 0.65-1.13; P=0.3146)
Diegeler et al., RCT In the GOPCABE trial, 2,539 patients  No significant difference stroke rates in the primary composite
2013 (11) underwent randomization to ONCAB  end-point: OPCAB: 26/1,187 (2.2%) versus ONCABG 32/1,207
versus OPCAB (2.7%), OR, 0.83; 95% Cl: 0.50-1.38; P=0.47 and at 1 year:
OPCAB: 41/1,179 (3.5%) versus ONCABG 52/1,191 (4.4%), OR,
0.79; 95% CI: 0.53-1.19; P=0.26
Kowalewski ~ Meta-analysis 40 RCTs, with a total of OPCAB significantly reduced (by 28%) the odds of stroke
etal., 2016 (1) of RCTs 15,829 participants compared with CABG (OR, 0.72; 95% ClI: 0.56-0.92; P=0.009)
Lamy et al., RCT The CORONARY trail enrolled No significant difference in stroke rates in the primary outcome at
2012 (12) 4,752 patients randomized to 30 days: OPCAB: 24 (1.0%) versus ONCAB: 27 (1.1%), HR, 0.89;
ONCABG or OPCAB 95% Cl: 0.51-1.54
Shroyer etal., RCT The department of Veterans Affairs No significant difference in stroke rates between groups: OPCAB:
2009 (10) Randomized On/Off Bypass (ROOBY) 14 (1.3%) versus ONCAB: 8 (0.7%). RR, 1.75; 95% CI: 0.74-4.14;

randomized 2,203 patients to OPCAB P=0.28

versus ONCAB

OPCAB, off-pump coronary artery bypass; ONCAB, on-pump coronary artery bypass; RCT, randomized controlled trial;, CORONARY,
Coronary Artery Bypass Grafting Off- or On-Pump Revascularization Study; OR, odds ratio; HR, hazard ratio; Cl, confidence interval; RR,

relative risk.

Table 6 Neurocognition outcomes

Author Study design Sample size Neurocognition outcomes

Ernest et al., RCT 107 patients randomized to OPCAB or ONCAB; 11 Less OPCAB had impairment of verbal fluency at

2006 (32) standardized neuropsychological tests done before 6 months. The rest of the cognitive test results did
surgery, at 2 and 6 months after surgery not differ between groups

Hernandez RCT 201 patients undergoing no emergent isolated No difference at discharge (discharge versus

etal., revascularisation randomized to OPCAB or preoperative: RR, 0.83; 95% CI: 0.65-1.07) or at

2007 (33) ONCAB. 19-test neurocognitive tests administered 6 months (6 months versus preoperative: RR, 0.94;

Kennedy et al.,
2013 (35)

Marasco et al.,
2008 (36)

Shroyer et al.,
2009 (10)

van Dijk et al.,
2007 (34)

at baseline, discharge, and 6 months

Meta-analysis
of RCTs

13 RCTs that included a total of 2,405 patients;
seven psychometric tests administered

Meta-analysis Eight trials incorporating 892 patients fulfilled all the

of RCTs inclusion criteria

RCT The department of Veterans Affairs Randomized
On/Off Bypass (ROOBY) randomized 2,203 patients
to OPCAB versus ONCAB

RCT The Octopus Study, a randomized 281 patients

to OPCAB or ONCAB. Ten standardized
neuropsychological tests administered at 5 years
follow-up

95% Cl: 0.70-1.28)

No significant differences were found between
OPCAB and ONCAB in the early (P range, 0.21-0.78)
or late (P range, 0.09-0.93) postoperative period

No differences in outcomes in the five
neurocognitive tests assessed (Rey Auditory Verbal
Learning, Grooved Pegboard, Trail A and B, and
Digit Symbol)

No difference in the battery of 11 tests between the
ONCAB and OPCAB

No difference in cognitive decline: 62 (50.4%) of 123
in the OPCAB and 59 (50.4%) of 117 in the ONCAB
had cognitive decline (absolute difference, 0%; 95%
Cl, -12.7-12.6%; P>0.99)

OPCAB, off-pump coronary artery bypass; ONCAB, on-pump coronary artery bypass; RCT, randomized controlled trial; Cl, confidence
interval; RR, relative risk.
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Table 7 Renal function outcomes

Fudulu et al. Randomized controlled studies comparing OPCAB and ONCAB grafting

Author Study design Sample size Renal function outcomes
Deppe et al., Meta-analysis 1,571 patients (12.0%) reported in OPCAB associated with absolute risk reduction of 2.1% for
2016 (3) of RCTs 25 trials had a renal dysfunction renal dysfunction after coronary artery bypass surgery (OR, 0.79;

Diegeler et al., RCT

2013 (11) underwent randomization to ONCAB
versus OPCAB

Lamy et al., RCT The CORONARY trail enrolled

2012/2013 4,752 patients randomized to

(12,19) ONCABG or OPCAB

Shroyer et al., RCT The department of Veterans Affairs

2009 (10) Randomized On/Off Bypass (ROOBY)

randomized 2,203 patients to OPCAB

versus ONCAB

In the GOPCABE trial, 2,539 patients

95% CI: 0.71-0.89; P<0.0001); incidence of new-onset renal
replacement therapy was 1.3% OPCAB and 1.7% for ONCAB,
P=0.0945

No difference in new renal failure requiring dialysis within the
primary composite at 30 days OPCAB: 29/1,187 (2.4%) vs.
ONCAB: 37/1,207 (3.1%), OR, 0.80; 95% CI: 0.49-1.29; P=0.36
and at 1 year: OPCAB: 34/1,179 (2.9%) vs. ONCAB: 42/1,191
(3.5%), OR, 0.82; 95% CI: 0.52-1.28; P=0.37

No difference in new renal failure requiring dialysis within the
primary composite at 30 days OPCAB: 28 (1.2%) vs. ONCAB: 27
(1.1%) and at 1 year: OPCAB: 30 (1.3%) vs. ONCAB: 31 (1.3%)

No difference in renal failure requiring dialysis: OPCAB: 9 (0.8%)
vs. ONCAB: 10 (0.9%), RR, 0.90; 95% CI: 0.37-2.20; P=0.82

OPCAB, off-pump coronary artery bypass; ONCAB, on-pump coronary artery bypass; RCT, randomized controlled trial;, CORONARY,
Coronary Artery Bypass Grafting Off- or On-Pump Revascularization Study; OR, odds ratio; Cl, confidence interval; RR, relative risk.

Other perioperative complications

The current literature debating about perioperative
morbidity related to OPCAB or ONCAB focuses on
the following clinical outcomes: low cardiac output,
perioperative myocardial infarction, infection rates, bleeding
and reintervention rates, length of stay, ventilation time and
rates of atrial fibrillation. The ROOBY trial demonstrated
no difference in reoperation for bleeding, new mechanical
support or mediastinitis (10). In the CORONARY trial,
the use of OPCAB reduced perioperative transfusions
(50.7% ws. 63.3%; RR, 0.80; 95% CI: 0.75-0.85; P<0.001),
reoperation for perioperative bleeding (1.4% vs. 2.4%;
RR, 0.61; 95% CI: 0.40-0.93; P=0.02), acute kidney injury
(28.0% vs. 32.1%; RR, 0.87; 95% CI: 0.80-0.96; P=0.01),
and respiratory complications (5.9% wvs. 7.5%; RR, 0.79;
95% CI: 0.63-0.98; P=0.03). Two large meta-analyses of
RCTs (1,3) found no difference in myocardial infraction
rates between ONCAB or OPCAB. In the meta-analysis
by Deppe et 4l. (3), the incidence of low cardiac output and
infection were reduced with use off-pump. Furthermore,
the number of patients needing transfusion and the chest
tube drainage was significantly reduced in the in the off-
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pump group, but with no difference in re-thoracotomy
rates. In the same meta-analysis (3) there was no difference
in atrial fibrillation rates between off-pump versus
on-pump, contrary to a smaller, previous meta-analysis of

RCTs (37) (1able 8).

High-risk patients

Most of the available evidence for the high risk patient
is focused on several high risk groups: left ventricular
dysfunction, renal impairment, left main stem disease,
old age, stroke, re-do coronary artery bypass grafting,
chronic lung disease, emergency surgery and patients with
an European system for cardiac operative risk evaluation
(EuroSCORE) of >5 (1). In a RCT of 411 high risk patients
(EuroSCORE >6), OPCAB was found to reduce mortality
and morbidity at 30 days (38). Similarly, a smaller RCT by
Hlavicka et al. of 206 patients with EuroSCORE >6 found
a significantly higher incidence of the combined endpoint
(all-cause deaths, stroke, myocardial infarction, or renal
failure requiring new haemodialysis) in the ONCAB
group at 30 days, while at 1 year there was no significant
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Table 8 Perioperative morbidity outcomes

S§767

Author Study design Sample size Perioperative morbidity outcomes

Deppe et al., Meta-analysis 16,904 patients from 51 RCTs ONCAB associated with increased risk mediastinitis. OPCAB

2016 (3) of RCTs was associated with a reduction of the length of ventilation, the
length of ICU stay and the length of hospital stay, less transfusion
requirements and less chest tube drainage. Rethoracotomy
rates, myocardial infarction rates and atrial fibrillation rates were
normal

Kowalewski Meta-analysis 15,733 from 43 RCTs No significant reduction in Ml rates

etal., 2016 (1) of RCTs

Lamy et al., RCT The CORONARY trail enrolled 4,752

2012 (12) patients randomized to ONCABG or
OPCAB

Shroyer etal., RCT The department of Veterans Affairs

2009 (10) Randomized On/Off Bypass (ROOBY)

randomized 2,203 patients to OPCAB

versus ONCAB

OPCAB at 30 days reduced the rates of blood-product
transfusion, reoperation for perioperative bleeding, acute kidney
injury and respiratory complications

No difference between OPCAB or ONCAB in 30-day
complication rates: cardiac arrest, coma, repeat cardiac surgery,
reoperation for bleeding, new mechanical support, mediastinitis,
tracheostomy

OPCAB, off-pump coronary artery bypass; ONCAB, on-pump coronary artery bypass; RCT, randomized controlled trial; CORONARY,
Coronary Artery Bypass Grafting Off- or On-Pump Revascularization Study.

difference between the two groups (39). In the large meta-
analysis of RC'Ts by Kowalewski er /., the main finding was
a significant linear relationship between the risk profile and
the beneficial effect of OPCAB (1). A randomized study of
patients with preoperative non-dialysis-dependent renal
insufficiency by Sajja et 4/. demonstrated that ONCAB
adversely affects renal function compared to the off-pump
group (40). Two large RCTs on elderly populations failed to
show any mortality or morbidity benefit with use OPCAB
(11,23). Masoumi et al. reported significantly lower rates
of mortality, morbidity, balloon-pump support, inotropic
usage, gastrointestinal bleeding, renal dysfunction,
reintubation, intensive care and hospital stay reported
patient with a poor ejection fraction (<35%) in patients
randomly assigned to OPCAB or ONCAB (41). In the
RCT by Fattouch er al. patients undergoing emergency
OPCAB had a reduction in early mortality (14) while the
late mortality did not differ compared to conventional
surgery (42). Several retrospective studies found a benefit
in using off-pump techniques in other high risk groups
such as: females (43) or reoperative coronary artery bypass

grafting (44). Overall, the weight of randomized data for the

© Journal of Thoracic Disease. All rights reserved.
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high risk patient undergoing coronary surgery shows a clear
benefit from OPCAB as demonstrated by other landmark
retrospective studies (45) or large meta-analyses of non-

randomized trials (46) (Tuble 9).

Conclusions

The current evidence synthesised from RCTs demonstrates
comparable early and late survival for both off-pump and
conventional coronary artery bypass grafting. However,
patients undergoing OPCAB grafting appear to have fewer
coronary anastomoses and increased repeat revascularisation
rates. Some studies suggest poorer vein graft patency but
comparable midterm arterial conduit patency. In contrast,
a long term follow-up study found no difference between
venous and arterial graft patency pooled randomised
data shows a reduction in stroke rates with use off-pump
techniques. OPCAB grafting seems to reduce postoperative
renal dysfunction, bleeding, transfusion requirements and
respiratory complications while perioperative myocardial
infarction rates remain unchanged. The high risk patient
groups seem to benefit from off-pump coronary surgery.

7 Thorac Dis 2016;8(Suppl 10):S758-S771
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Table 9 Outcomes in the high risk patients

Author Study design Sample size Outcomes
Lemmaetal., RCT 411 patients, 203 randomized ONCAB and Rate of the composite primary end-point (operative mortality,
2012 (38) 208 patients to OPCAB, European system myocardial infarction, stroke, renal failure, reoperation for
for cardiac operative risk evaluation bleeding and adult respiratory distress syndrome within
(EuroSCORE) of 6 or more 30 days after surgery was significantly lower (unadjusted
P=0.009, adjusted P=0.010) in the OPCAB (5.8% vs. 13.3%)
Hlavicka RCT PRAGUE-6 randomized 206 patients, with  ONCAB associated with a significantly higher incidence
etal., an additive EuroSCORE =6, to OPCAB of primary combined end-point versus OPCAB (20.6% vs.
2016 (39) (n=98) or ONCAB (n=108) 9.2%, P=0.028; HR, 0.41; 95% CI: 0.19-0.91) in the first
30 days, but not after 1 year (30.8% vs. 21.4%, P=0.117;
HR, 0.65; 95% CI: 0.37-1.12)
Kowalewski Meta-analysis  Meta-analysis included 100 studies, with a Significant relationship between patient risk profile and

etal., 2016 (1)

Sajja et al.,
2007 (40)

Diegeler et al.,
2013 (11)

Houlind et al.,
2012 (23)

Masoumi
etal.,
2008 (41)

Fattouch
etal.,
2009 (14)

of RCTs

RCT

RCT

RCT

RCT

RCT

total of 19,192 subjects. Meta regression
taking into account the risk profile of the
patient (EuroSCORE)

116 patients with preoperative non-
dialysis-dependent renal insufficiency
randomized to OPCAB or ONCAB

In the GOPCABE trial, 2,539 patients,
aged >75 years, underwent randomization
to ONCAB versus OPCAB

900 patients >70 years of age randomized
to ONCAB or OPCAB surgery

124 patients undergoing coronary artery
bypass grafting with poor ejection fractions
<35% were randomly assigned to OPCAB
or ONCAB

138 STEMI patients undergoing ONCAB
(66 patients) or OPCAB (63 patients)

benefits from OPCAB demonstrated in all-cause mortality
(P<0.01), myocardial infarction (P<0.01), and cerebral stroke
(P<0.01)

ONCAB significantly associated with adverse renal outcome
(P<0.000)

No difference between in OPCAB or ONCAB in the
incidence of the primary end-point at 30 days: (7.8% vs.
8.2%; odds ratio, 0.95; 95% ClI: 0.71-1.28; P=0.74) or 1 year
(13.1% vs. 14.0%; HR, 0.93; 95% CI: 0.76-1.16; P=0.48)

At 30 days, proportion of patients experiencing the primary
composite end-point was 10.2% for ONCAB and 10.7%

for OPCAB. Implied risk difference of 0.4% (with a 95% Cl:
-3.6-4.4), P=0.83. At 6-month follow-up, mortality was 4.7%
for ONCAB compared to 4.2% for OPCAB (P=0.75)

Mortality, morbidity, balloon-pump support, inotropic usage,
gastrointestinal bleeding, renal dysfunction, reintubation, as
well as intensive care and hospital stay, were significantly
lower in the OPCAB. The incidence of perioperative
myocardial infarction did not differ between groups

Hospital mortality was 7.7% (5 patients) in the ONCAB
and 1.6% (1 patient) in the OPCAB (P=0.04). Statistical
significant difference favouring OPCAB in terms of:
incidence of low cardiac output syndrome (P=0.001), time
of inotrope drugs support (P=0.001), time of mechanical
ventilation (P=0.006), reoperation for bleeding (P=0.04),
intensive care unit stay (P=0.01), in-hospital stay (P=0.02)

OPCAB, off-pump coronary artery bypass; ONCAB, on-pump coronary artery bypass; RCT, randomized controlled trial; Cl, confidence
interval; HR, hazard ratio.
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